Abstract: Coomassie Brilliant Blue R-250 (CBBR-250) is the most frequently used dye stain in protein research. However, relatively poor sensitivity and long application durations are the major limitations of this stain. In the present study, we have investigated the effect of pre-stain methanol washing on the sensitivity of the conventional CBB staining method. Concentrations of methanol ranging from 5 to 30% were prepared in 5% acetic acid. Pre-stain washing of SDS-gels using acetic acid (5%) and methanol were assessed at various timings and temperatures. Our results demonstrate that pre-stain washing by methanol greatly improves the sensitivity of the CBB stain and facilitates the visualization of low molecular weight components present in a complex muscle protein, actomyosin. The outcome of this study also revealed duration of pre-stain washing and temperature as other factors that determine the sensitivity of CBB staining method. Therefore, it is suggested that pre-stain washing with methanol may improve the sensitivity of CBB stain in SDS-PA gels.
used to separate proteins based on their molecular size [1] [2] [3] . Visualizing polypeptides is an important step in subsequent analysis. Widely used staining methods to visualize proteins include Coomassie Brilliant Blue (CBB), silver, amido black and fluorescence [4] . Although silver staining is the most sensitive procedure to detect proteins at nanogram levels, most protocols of silver staining require longer durations and demand preparation of many solutions. Coomassie dyes, which were originally introduced by Groth et al. [5] , are the most frequently used stains in protein research laboratories wherein prestain fixation of gels is not employed. For the first time, Neuhoffs et al. [6] reported improved sensitivity of CBB staining by pre-stain fixation of gels in ortho-phosphoric acid and methanol. Subsequent studies have also claimed improved sensitivity of conventional CBB staining by introducing alternate chemicals in pre-stain fixation, staining and destaining solutions [7] [8] [9] . However, despite its popularity, the reliability of various CBB-R staining methods for software based quantification is low because of relatively high background interferences. In addition, existing protocols of CBB-R staining still require long durations for optimal sensitivity and comparatively large amounts of protein for routine analysis.
Reports have shown improved sensitivity of CBB-R staining method on purified proteins but studies of complex and multimeric proteins are still scarce in literature. We therefore aimed to investigate the effect of pre-stain washing by methanol/acetic acid mixture on the sensitivity of CBB-R staining using actomyosin, a complex skeletal muscle protein. Actomyosin is a major contractile protein consisting of Myosin Heavy Chain (MyHC), actin, tropomyosin and troponins. Myosin is a hexamer containing twin heavy chains coiled around each other forming a tail towards the C terminal and a globular head towards the N terminal along with two pairs of light chains at neck region [10, 11] . Electrophoretic separation by SDS-PAGE resolves actomyosin in high molecular weight bands of MyHC (~200kD), actin (~42-
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Open Access 46kD), tropomyosin (~37kD) and troponin−T (~34kD). Low molecular weight polypeptides are myosin light chain I (~25kD), troponin I (~23kD), troponin C (~20kD), light chain II (~18kD) and light chain III (~16kD) [12, 13] . Usually, low molecular weight polypeptides (light chains) are not visible by the conventional protein staining method [14] . In the present study, various polypeptides of chicken actomyosin were separated electrophoretically by SDS-PAGE and the relationship between pre-stain fixation and the sensitivity of CBB-R staining was investigated. Moreover, we were also interested in examining the linear relationship between concentration of methanol and sensitivity of CBBR-250 staining towards detection of low molecular weight polypeptides of chicken actomyosin.
Materials and methods

Chemicals
Acrylamide, Bis-acrylamide, Coomassie Brilliant Blue (CBBR−250), Phenyl methane sulfonylfluoride (PMSF), Ammonium per sulphate and TEMED were procured from Sigma-Aldrich chemicals Pvt. Ltd. Acetic acid, Methanol, Potassium chloride, Bovine serum albumin and Tris buffer were purchased from SRL, India. All other chemicals and reagents used were of AR grade.
Preparation of actomyosin
Actomyosin was prepared according to the established method of Ahmad and Hasnain [15] with minor modifications. Briefly, breast muscles (Pectoralis major) of freshly sacrificed broiler chicken were procured from a local market and brought to laboratory in ice. The muscles were thoroughly minced and washed three times with five volumes of sodium phosphate buffer (50mM, pH 7.2) containing 2mM phenyl methane sulfonylfluoride (PMSF). After washing, muscles were kept overnight in extraction buffer (0.6M KCl in 20mM Tris-maleate, pH 7.2). The obtained viscous extract was filtered through fine gauze to remove connective tissue debris. The contents were precipitated in chilled water (0−2°C) and subsequently centrifuged at 5K for 20 min at 4°C to collect actomyosin. Collected actomyosin was dissolved in 0.6M NaCl prepared in 20mM Tris-maleate (pH, 7.2) and kept for one hr at 4°C. Actomyosin was washed twice with 10 volumes of chilled distilled water and the obtained precipitate was finally dissolved in NaCl (NaCl, 0.6M; Tris-maleate 20mM, pH 7.2). Further dissolution of actomyosin was carried out by overnight dialysis against chilled NaCl (prepared in Trismaleate 20mM, pH 7.2).
Protein estimation
Protein concentration was determined by the method of Lowry et al. [16] . Absorbance (optical density) of the colored content was recorded at 660 nm on a Genesys 10 UV-Visible scanning spectrophotometer. Known quantities of BSA were used to draw a standard curve that was utilized to determine the concentrations of unknown protein samples.
Electrophoretic profiling by SDS−PAGE
Sodium dodecyl sulphate polyacrylamide gels (SDS-PAGE) were prepared and run according to Laemmli [17] . Resolving and stacking gels contained 10% and 4% acrylamide respectively, along with 0.1% SDS and 10% glycerol. Protein samples were mixed with 4X sample buffer (62.5 mM Tris-HCl, pH 6.8, 5% glycerol, 2% SDS, 0.001% bromophenol blue and 5% β-mercaptoethanol) and incubated for 3-5 min in a boiling water bath. The samples were loaded on vertical slab gels (12cm × 10cm × 0.1cm) and run for three hrs at 15mA/gel and a constant voltage of 80V at room temperature (25±1°C) on mini vertical electrophoresis unit.
Pre-stain washing
After the run was over, the gels were carefully transferred to glass trays. Before staining, the gels were washed: (i) in a solution of acetic acid (5%, v/v) only and (ii), in a solution of methanol (5%, 10%, 15% and 30%), prepared in 5% acetic acid. Such pre-stain washings were carried out at room temperature (RT) (25±1°C) as well as at higher temperatures of 45±2°C. Pre-stain washings at low concentration of methanol were carried out overnight while at higher concentration of methanol the duration was 15 min.
CBB staining and destaining
For staining the polyacrylamide gels, a stock solution of CBBR-250 (0.25%) was prepared in a mixture of methanol and glacial acetic acid (5:1).Washed gels were stained for 20 min at room temperature in the prepared dye stain, and then destained in 5% acetic acid. The method of Nesterenko et. al. [18] was followed for silver staining of the acrylamide gels.
Documentation of PAGE profiles
CBB-stained gels were documented using a digital camera (Make & Model: SONY CYBERSHOT, zoom-4X, 14.1 Megapixels) or by direct scanning on an all-in-one HP Deskjet (F370) computer set up. Best contrasts prepared on Photoshop (Adobe Photoshop: 7.0) were selected and processed for densitometry using Scion Imaging software program (Scion Corporation: Beta release 4.0).
Results and discussion
Prior to electrophoretic separation by SDS-PAGE, the polypeptides of chicken actomyosin were visualized in CBBR-250 stain. In addition to easily detectable major proteins such as Myosin Heavy Chain (MyHC) and actin, the actomyosin complex contains low molecular weight polypeptides (troponins and light chains) which were difficult to detect by the normal CBBR staining method. In this study, we investigate the effect of pre-stain washing of gels in different proportions of methanol and acetic acid on sensitivity of CBBR-250 staining by visualizing low molecular weight components of actomyosin. Our results showed that pre-stain washing with 30% methanol greatly improves the sensitivity of CBBR-250 staining and allowed proper visualization of troponins and light chains. SDS-PAGE profiles of chicken actomyosin washed in 5% acetic acid for 10−15 min at room temperature and subsequently stained with CBBR-250 did not show bands of troponins and light chains (Fig. 1A) . As well, the overnight pre-stain washing with acetic acid (5% at RT) showed insignificant improvement in sensitivity of CBBR staining (Fig. 1A) . However, in the presence of CBBR-250 stain the high molecular weight components such as MyHC, actin and troponin-T could be visualized irrespective of pre-stain washing while polypeptides with low molecular weight showed resistance to staining. In order to confirm the presence of low molecular weight polypeptides i.e. light chains and troponins present in actomyosin complex, silver stain method was used. Being one of the most sensitive methods of protein staining, silver stain has been extensively used to detect low molecular size fragments on polyacrylamide gels [19] [20] [21] . Silver staining of the gels after pre-stain washing in acetic acid (5%) showed distinct bands of troponins and light chains with clear background and, thus indicate no apparent role of acetic acid pre-stain wash on the sensitivity of the silver stain (Fig. 1B) . Pre-stain washing is considered to be an essential step for removal of interfering agents such as buffer/or salts or SDS from the gel. For CBBR staining, our results showed that pre-stain washing with acetic acid (5%) and subsequent staining by CBBR-250 seems to be ineffective in fixing or staining the low molecular weight polypeptides of actomyosin complex within the gel. Incubation of acrylamide gels for 10-15 min at RT in a solution of methanol (5%) and acetic acid (5%) also showed no improvement in CBBR staining. However, overnight pre-stain washing in the methanol: acetic acid (5%:5%) at RT followed by staining in CBBR-250 showed slight improvement in visualizing low molecular weight components ( Fig. 2A) . At lower protein loadings (2−5µg), visibility of low molecular weight polypeptides ranging between 16−25 kD was almost negligible even after overnight incubation (Fig 2A) . Moreover, overnight 
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washing of gels at relatively higher temperature (45±2°C) in methanol/acetic acid mixture diminishes the visibility of troponins and myosin light chains. Software analysis of the CBB-R stained acrylamide gels revealed a proportionate linear increase in the band intensities of low molecular weight polypeptides with increased protein concentrations from 2µg to 8µg ( Fig. 2A) . Increased concentration of methanol to 10% at constant acetic acid concentration (5%) in pre-stain washing solution improved the CBBR-250 staining (Fig.  2B) . Although all polypeptides of the actomyosin complex were detectable even at 2µg of protein concentration, the separation of polypeptide bands were not completely clear. Overnight pre-stain washing of gels at much higher concentration (i.e. 15%) of methanol in 5% acetic acid caused substantial improvement in the sensitivity of the CBB-R staining (Fig. 3) . At this concentration of methanol, the CBB-R staining facilitated visualization of all polypeptides in the low molecular weight range (Fig.  3) even at the lowest protein loadings of 2µg. At a 30% methanol concentration prepared in 5% acetic acid, 15 min pre-stain washing provided the best resolution of chicken actomyosin components by CBBR-250 staining with sufficiently clear background (Fig. 4) . Overnight incubation of gels in 15% and 30% methanol at a temperature of 45±2°C did not improve the sensitivity of the CBB-R staining. Our results on densitometric analyses of the selected lanes (with increased concentration of methanol) also demonstrate a gradual increase in the number of sharp peaks in the low molecular weight region corresponding to the actomyosin components after methanol washing (Fig. 5) . Commonly used fixatives are solutions of alcohols and acetic acid and more importantly, 
increases the background interference which affects the subsequent quantitation of gels using software [25] [26] [27] .
Our results indicate that pre-stain fixation by methanol and acetic acid reduces the time of staining by fixing the proteins before staining with the added benefit of minimizing the gel background. Although high molecular weight proteins can be fixed by a low concentration of methanol, in-gel fixation of low molecular weight protein components requires a relatively higher concentration of methanol in the pre-stain washing solution. Thus, our findings suggest the inclusion of a higher concentration of methanol to prevent diffusion of low molecular weight polypeptides from gels and to keep the bands crisp or better resolved.
Conclusions
Our results show that a higher concentration of methanol in pre-stain washing solutions improves the fixation and subsequent visualization of low molecular weight polypeptides of chicken actomyosin by the CBBR-250 staining. At lower concentrations of methanol, the prestain washing requires comparatively more time to fix the low molecular weight polypeptides. Pre-stain washing using a higher concentration of methanol not only reduces the background, but also decreases the duration of the CBB-R staining. The impact of temperature on fixation of low molecular weight polypeptides is apparent even when lower concentrations of methanol are used in the pre-stain washing solutions. The results indicate that pre-stain washing with methanol at higher concentrations not only improves the precipitation and fixation of low molecular weight proteins within gels but also effectively removes the interfering agents from gels before CBB staining. many stains which are soluble in these fixatives allow the fixation and staining in one step. Accordingly, methods used to fix and stain proteins by CBB-R after their separation by SDS-PAGE prolong their fixation [6, [22] [23] [24] . Prolonged fixation improves the sensitivity but also
